Minimizing the total cost is absolutely the goal of each supply chain, which is most of the time pursued. In this regards, quality related costs that have significant roles are sometimes neglected. Selecting suppliers, which supply relatively high quality raw materials in a lower cost is considered as a strategic decision. Make or Buy decision can be also noticed in supplier selection process. In this paper, the supply strategy: Make or Buy decision (SS: MOB) is studied in order to find which strategy (Make or Buy) should be chosen to minimize the total costs of supply chain. Therefore, two separate models are generated for each strategy and several examples are solved for the respective models. Computational experiments show the efficiency of the proposed models for making decision about selecting the best strategy.
Introduction
The primary aim of almost all supply chain management is to control goods or services. The supply chain begins with the supply of raw materials and ends with the consumption of goods or services (Yazdian & Shahanaghi, 2011) . Nowadays, one of the goals of each supply chain is to maximize the customer satisfaction, which increases supply chain effectiveness and absolutely what makes customer highly satisfied is the quality they perceive from the products or services they consume (Heikkilä, 2002) . The significance of quality enhancement is proved for organizations that intend to survive in the competitive markets. Therefore, there are many programs for improving quality in all organizations, which exist in a supply chain (Robinson & Malhotra, 2005) .
Considering supplier quality is a factor, which plays an important role for injecting quality into the supply chain (Jamshidi & Ismaeli, 2012) . In this paper, selecting suppliers that supply high quality raw materials is tied with Supply Strategy: Make-or-Buy decisions (SS:MOB). SS:MOB is a strategic decision made in a supply chain about whether to provide the required raw materials from the insourcing suppliers or outsourcing ones and it is dealt with different fields of purchasing, accounting and strategic management (Mandy, 2009; Moschuris, 2008; Moses & Åhlström, 2008) . "Make" decision refers to the condition in that supply chain aims at integrating plant and supplier operations, controlling supplier quality, considering lead time, transportation, and warehousing costs. In fact, insourcing suppliers reassure the presence of having reliable and competent suppliers that can supply whenever needed. On the other hand, "Buy" decision refers to condition in that lack of insourcing dexterity can be seen, brand is too much preferred and limited production facilities and inadequate capacities are encountered (Williamson, 2008) .
The key factor that is noticed a lot in MOB is cost which is also significant in SS:MOB. In other words, SS:MOB is used when cost issues are at the pick of consideration. Two quality-related cost groups are existed in supplying raw materials from different suppliers. The first group is cost of quality (COQ) and the other one is supplier quality cost considered for increasing the quality of suppliers. COQ is defined as the expenditure incurred by the producer, user and community and associated with the quality of products or services (British Standards Institution, 1991) . COQ is used for insourcing supplier. Costs of quality are categorized into prevention, appraisal, and failure costs. The literature describes four categories of costs for COQ (Srivastava, 2008): 1. Prevention cost: The cost of any action taken to investigate, prevent or reduce the risk of nonconformity or defect, 2. Appraisal cost: The cost of evaluating the achievement of quality requirements like the cost of verification and control performed at any stage of the quality loop, 3. Internal failure cost: The costs arising within an organization owing to non-conformities or defects at any stage of the quality loop, such as costs of scrap, reworking, retesting, reinspection or redesign, 4. External failure cost: The cost arising after delivery to a customer/user owing to nonconformities or defects.
Supplier quality costs are those costs associated with the activities, which are done about the quality of outsourcing suppliers and they include raw material inspection cost, documentation and rejection costs of defective raw material and cost of complaint investigation (Agarwal et al., 2011) .
In this paper, using insourcing or outsourcing suppliers is investigated and SS: MOB is analyzed in order to find which decision (Make/ Buy) is more economical. In fact, SS: MOB is for the first time considered in supply chain with the aim of minimizing the total cost with an attitude towards supplier quality. Therefore, if the "Make" decision is selected, COQ will be imposed to avoid the entry of defective raw materials into supply chain and if "Buy" decision is chosen, some quality related cost is afforded by the manufacturer to inspect the quality of raw materials, which are supplied by suppliers. This paper is organized as follows: In the next section, the proposed cases and their respective mathematical models are described. Section 3 contains computational experiments and result analysis. The main finding and future research avenues are existed in section 4.
Model description
It is assumed that a medium-term planning is going to be executed in one supply chain, which consists of m manufacturing plants in which a special product (or a group of similar products) is produced. It is also assumed that the product has been composed of f raw materials, which are supplied by s potential suppliers of whom only ρ ones will be chosen. The products are produced in plants and then kept in the warehouses inside the plants. Then the products are shipped from the plants to the customers. In addition, those numbers of products, which are remained and not transferred to the customers are kept in the plant warehouses for meeting customer demands in the next periods. The number of customers who receive the product equals n and their demands are also assumed definite in all periods. Therefore, two-echelon supply chain has been noticed in this paper and is observed at Fig. 1 . Supply chain faces make or buy decision and aims at determining whether selecting insourcing suppliers (Make decision) or outsourcing ones (Buy decision). Limited capacities of plant production lines, plant warehouses and supplier warehouses are the other assumptions, which are noticed in this supply chain design. The appropriate selection of suppliers, the optimal amounts of raw materials shipped from the selected suppliers to the plants in each period, the optimal amounts of products produced at each plant in each period, the optimal amounts of products kept at the warehouses in each period, the optimal amounts of product that should be shipped from the plants to the customers in each period and the optimal failure rate of selected suppliers in Make decision (insourcing case) are the decision variables considered in this supply chain.
At the following, all problem parameters and variables are depicted and then the models will be generated. Some parameters and variables which only belong to the one of the decisions (Make or Buy) are depicted in parenthesizes.
Notations
The number of potential suppliers s
The number of plants m
The number of customers n The number of raw materials f
The number of periods τ
The number of suppliers which are chosen ρ
The supplier index i
The plant index j
The customer index k
The raw material index r
The period index t Purchasing cost of raw material r from supplier i in period t(in Buy decision) Production cost of raw material r forsupplier i in period t (in Make decision) Production cost in period t Transportation cost from supplier i to plant j in period t Transportation cost from plant j to customer k in period t Holding cost in period t i th supplier quality cost of raw material r for plant j in period t(in Buy decision) Cost of quality of raw material which is provided by supplier i for plant j in period t (in Make decision) The demand of customer k in period t The capacity of plant j production line The capacity of supplier i The capacity of plant j warehouse The volume of raw material r The amount of raw material r used in the product The importance of raw material r in the product The defective rate of raw material r of supplier i(in Buy decision) Inspection cost in period t(in Buy decision) Ω
The minimum cost of quality of raw material which is provided by supplier i for plant j in period t (in Make decision) The rate of cost of quality increment(in Make decision) The acceptable maximum failure rate
Variables
The amount of raw material r purchased from supplier i by plant j in period t The products which are produced in plant j in period t The products shipped from plant j to customer k in period t The inventory level of plant j in period t A binary variable that is equal to 1 if supplier i is selected , 0 otherwise The failure rate of raw material rwhich is provided by supplier i(in Make decision)
An appropriate planning is sought for a two-echelon supply chain, which consists of several suppliers, plants and customers. In this paper, two different cases are defined and modeled by considering SS:MOB, which deals with strategic decisions of making or buying. The results are discussed by offering computational experiments. The two cases are as follows: 1. Case 1 (Buy Decision): The outsourcing suppliers are chosen for providing all raw materials.
2. Case 2 (Make Decision): The insourcing suppliers are chosen for providing all raw materials.
Case 1 (Buy Decision)
In this case, the suppliers are not an integral part of supply chain. The proposed model (1) is formulated as follows:
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The objective function minimizes the following costs respectively:
1. The purchasing cost of raw material from suppliers, 2. The shipment cost of raw materials transferred from suppliers to plants, 3. The production cost of products at plants, 4. The shipment cost of products transferred from plants to customers, 5. The inventory cost of products in the plant warehouses at the end of each period, 6. The supplier quality cost. Supplier quality costs are those costs that the suppliers impose on the supply chain to maintain a desirable quality for raw materials. In fact, the manufacturing plant inspects the incoming raw materials before using them in the production line. The raw materials are inspected in the plants and good materials are separated from defective ones. The wages of those personnel who spend time on inspecting each raw material in period tis Ω . Constraint (2) depicts that all plants are producing enough products to meet customers' demand in each period. Constraint (3) ensures that the inventory level of each plant warehouse in one period equals the amount of products, which are remained from previous periods and the products produced by plants but the amount of products, which are sent to the customers should be subtracted from the existing mentioned inventory. Constraint (4) ensures that plants' production should not exceed their capacities. According to the constraint (5), the inventory level of each plant warehouse should not exceed the maximum capacity of each warehouse. The constraint (6) states that each supplier warehouse with respect to the volume of each raw material has a limited capacity. Constraint (7) insures that the amounts of raw materials used in the production of products in all plants in one period are equal to the percentage of good quality materials supplied by all suppliers. Constraint (8) states that the number of suppliers who are chosen for supplying raw materials is definite and equals ρ.
Case 2 (Make Decision)
Here, the perspective will be that of supply chain as a whole, meaning suppliers are subsidiaries of the supply chain and are an integral part of it; so the production cost and other operational costs at the supplier would also be cost attributes for the supply chain. Therefore, the proposed model in case (2) is as follows:
subject to . 2 , 3 , 4 , 5 , 6 . 8
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As it is observed, the difference between the first and the second models is on their objective function and some of their constraints.
The differences between the objective functions of model (1) and model (2) are as follows: In the Make decision, raw material purchasing cost is replaced by the production cost. The second term in the objective function of case 2 (Make decision) has also changed. In fact, as the suppliers are an integral part of the supply chain, 100 percent inspection happens at the supplier and the good raw materials are only shipped to plants. The last terms in both objective functions differ from each other. COQ which only consists of prevention and appraisal costs are included in the objective function of case 2 (Make decision).
The constraints 7 and 9 differs from constraints 11 and 13, respectively. In constraint 7, is a variable but is a parameter in constraint 11 because the defective rate of raw materials is constant and definite in Buy decision and there is no control in its change but in Make decision, the optimal value of failure rate of raw materials is sought as it is controllable and variable.
as a variable is also added to constraint 13. The constraint 12 is added to the other constraints existed in case 2 (Make decision) and states that the supplier failure rate should not exceed the acceptable maximum level. The other constraints in both models are the same.
Numerical example
This section provides computational experiments to evaluate the performance of the proposed models. At first, a small-sized problem is presented and the optimal solution changes can be observed by solving each proposed model in the two cases. Then some additional problems with different sizes are solved to show the efficiency of the models. The objective function values and the run times spent for solving the problems are depicted. GAMS as an optimization software is used for solving all examples of this section.
A supply chain has a three manufacturing plants that produces a product, which is composed of three raw materials. These three raw materials are supplied by six potential suppliers of whom only two suppliers are chosen. The manufacturing plants deliver their products to 5 customers. The supply chain aims at obtaining the optimal values of decision variables in a time horizon of three periods. The costs of production, holding and raw material inspection (in Buy decision) in different periods are depicted in Table1. The volume of each raw material, the amount of their usage in the product and their importance are illustrated in Table 2 . All supplier capacities are considered 15000 and the capacities of production lines and plant warehouses are available in Table 3 . The purchasing costs (in Buy decision) and the production costs (in Make decision) of different raw materials in three time periods are depicted in Table 4 whose rows indicate the three time periods and its columns state the purchasing or production costs. 22  20  25  21  19  19  21  22  29  23  21  20  21  21  25  19  21  22  1  23  22  26  21  20  19  22  22  30  24  22  21  22  22  26  22  21  23  2  23  24  28  22  22  21  24  23  30  24  22  22  23  23  28  22  22  24  3 transportation costs among different suppliers and the plants and among the plants and the customers in different periods are depicted in Tables 5 and 6 , respectively.
Table 5
The shipment costs between the suppliers and the plants
Table 6
The shipment costs between the plants and the customers 1  10  11  11  11  11  10  11  12  10  11  13  11  9  9  13  2  11  12  12  12  12  11  12  12  11  11  14  12  10  10  14  3 The customer demands in different periods are depicted in Table 7 . The defective rates of raw material, which are supplied by different suppliers (in Buy decision) are available in Table 8 . The maximum acceptable level of failure rate is 0.3 and the minimum suppliers' cost of quality which is occurred in 100 percent failure rate (in make-decision) is illustrated in Table 9 . The rate of cost of quality increment is 0.05.
Table 9
The minimum suppliers' cost of quality (in Make decision) The results obtained by solving the first and second models are totally different from each other. The optimal objective function value which obtained by solving model in case 1 (Buy decision) is 1511245 and in this case the suppliers 2 and 6 are also chosen. The optimal objective function value obtained by solving the model in case 2 (Make decision) is 1505253 and the suppliers 2 and 3 are selected. The optimal values of failure rate of raw materials for selected insourcing suppliers are depicted at Table 10 . As it is observed, selecting suppliers 2 and 3 in Make decision model have imposed lower costs than selecting suppliers 2 and 6 in buy-decision on supply chain. Prevention and appraisal costs should be afforded by suppliers 2 and 3 in order to change the failure rate of raw materials existed in Table 8 into the values existed Table 10 and therefore the cost associated with insourcing suppliers will be lower than the costs in outsourcing case. If it is assumed that the failure rate of raw materials, which are provided by insourcing suppliers (Make decision) is the same as definite values in outsourcing case (Buy decision) and becomes a constant value, the optimal cost in make-decision will be 4592466, which are three times as much as the implementation of buy-decision model. Therefore, if buy-decision is selected as an optimal case (in regard to proposed example), prevention and appraisal costs should be considered in order to achieve the failure rate of raw material in Table 10 .
To show the efficiency of the models, twelve problems with different sizes are solved and the objective function values, the selection of optimal case, the run times spent for solving the problems are recorded in Table 11 . In these problems the number of raw materials, number of potential and chosen suppliers, number of plants, number of customers and number of periods are varied. As it is observed, case 1 (buy-decision) which is a Mixed Integer Programming (MIP) solves the problems faster compared with case 2 (make-decision) since the second model is formulated as a Mixed Integer Non-linear programming (MINLP). The exact solution method (via optimization solver) used in this paper is appropriate for small and medium sized problems (it is depicted in Table  11 ). One of make or buy decisions can be chosen as an optimal strategy of supply chain by considering random values in each problem and it is not predicted, previously.
Conclusion
In this paper, two different cases that follow different strategic decisions have been proposed in a two-echelon supply chain design and supplier selection. A special model is separately formulated for each case. The difference among the models is in their supply strategy of supply chain. The first case deals with outsourcing supply (Buy decision) and the objective functions and constraints are formulated by considering this strategic decision. In this case, the suppliers are not an integral part of supply chain. The other case is insourcing suppliers (Make decision) which are an integral part of supply chain. In this paper SS:MOB is in detail discussed and some numerical examples have been presented and finally it depicts that which strategy (Make buy) is going to follow cost minimization which is the goal of each supply chain. Considering quality function as the second objective function or uncertainty in customer demands can be interesting topics for future researches.
